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The purpose of this paper is to compare two common polymers of the construction industry and 
determine if there are benefits of using them in concrete application to increase overall strength.  
The goal of the project is to complete a full experiment, utilizing concrete cylinders and beams to 
test the compressive and tensile properties of fiberglass and carbon fiber.  This paper provides data 
from the experimentation of the compressive and tensile tests of carbon fiber and fiberglass to 
prove that these polymers are superior and aid in overall concrete strength.  The experiment 
proved that carbon fiber is superior to fiberglass, netting an increase of 5,666 psi in the cylinder 
compression test, and an increase of 1,975 pounds of load in the rebar-reinforced beam tensile test.  
While both fibers increased the strength in the beam tensile test compared to the control beam, 
only the carbon fiber cylinder gave an increase of strength compared to the control beam. 
 






When people think of carbon fiber, they usually think of products such as footwear, automotive parts, or aircrafts.  
However, in recent years, carbon fiber has been playing a roll as a reinforcing agent in construction structures.  
“Rayon-based fibers were first in commercial production in 1959…” (High Performance Carbon Fibers).  Carbon 
fiber that is produced in today’s time is produced from these fibers.  Fiberglass, on the other hand, began to make an 
appearance in industry in the 1940’s.  
Polymers 
 
Concrete plays a huge role in the construction industry—without it, construction methods could not have advanced 
as far.  While this mix is relatively simple, the addition of this product continues to challenge our construction 
methods to build higher, longer, and safer.  However, while reinforcing bar (rebar) is typically used to strengthen the 
concrete, other materials such as polymers can be added to aid in the strength of concrete.  A polymer, by definition, 
is “a chemical compound or mixture of compounds formed by polymerization and consisting essentially of repeating 
structural units” (Polymer).  Different types of polymers that can be added to strengthen concrete include carbon 
fiber, fiberglass, epoxy resins, etc.  Recently, within the construction industry, carbon fiber and fiberglass are 




To ensure fiberglass would aid in structural reinforcement, many studies have been completed to ensure this test.  In 
1997, (9) 3"x6" cylinders were created.  Three different batches of concrete were made; all cylinders were the same 
except three different groups had a variance in water.  With the three different batches, there was a control group, a 
group with one layer of fiberglass, and another group with two layers of fiberglass.  The study concluded that each 
group had an increase of strength of 1.37 to 2.14 times over their respective control cylinder. (Larralde, 21).  The 
cylinders with two layers of fiberglass averaged a compressive strength of 30.81 MPa, 33.64 MPa, and 35.26 MPa, 
respectively to Mix 1, 2, and 3.  One megapascal is equivalent to 145.038 psi. 
 
A similar study was done in 2000, where (36) 6"x12" cylinders were created.  The main test the study conducted 
was to find the concrete strength differentiation between cylinders that were not wrapped, and with one, two, and 
three layers of carbon fiber. Three batches of concrete with different strengths were involved: low strength concrete 
(4 ksi); medium strength (5.5 ksi); and high strength (7 ksi) (Wu, 139).  The study concluded, “significant increase 
in strength can be achieved by carbon fiber composite jacketing” (145).  The medium strength concrete yielded with 
two layers of carbon fiber yielded a strain of .014 and a stress of 11 ksi. 
 
In 2003, a carbon fiber beam study was completed, where the carbon fiber was “near mounted” instead of directly 
applied, as compared to this experiment.  The carbon fiber was applied in a groove that was manually cut after the 
beam was cured.  A total of 9 beams were created, 1 control beam, and 8 variable beams.  Each variable beam had 
different embedment depths from the surface where the carbon fiber strip would be applied in order to find which 
depth provided the maximum strength.  The study concluded that an embedment depth of 850mm from the surface 
would be most adequate in providing maximum strength of the beam.  Based on the findings, “The use of near 
surface mounted CFRP strips is feasible and effective for strengthening/repair of concrete structures…The ultimate 







The methodology of research would follow a concrete mix design that is standard for testing within the CM 114 
course at Cal Poly.  The mix design follows as: 70 pounds of fine aggregate, 90 pounds of coarse aggregate, 40 
pounds of Portland cement, and 20 pounds of water.  When this mix was originally tested, the slump test was 3.5" 
and had a 28-day strength of 5.4 ksi. 
 
The mix will be poured into (3) 4"x8" concrete test cylinder molds, (1) 6"x12" cylinder mold, and (3) 4"x4"x30" 
beam molds.  The beam molds will have two #4 rebar spaced 1" apart.  Prior to pouring, a slump test will be 
recorded, along with the temperature and humidity percentage.  
 
To ensure the concrete has limited voids, the molds will be “rodded” approximately 25 times to compact the 
concrete into the mold.  A second mix of concrete will be batched using half of the materials of the CM 114 design 
for (2) 4"x4"x30" beams, which will not have rebar.  A fourth 4"x8 cylinder will be created to obtain the 
compressive strength of this batch of concrete and will be referred to as ‘Mix B’.  These beams will only be 
reinforced with two layers of fiber on the bottom of the beam, which will aid in tensile strength.  
 
Once poured, the cylinders will be cured in 100% humidity, also known as a water bath, to maintain a constant 




After 28 days, the cylinders and beams will be stripped from their molds; SikaWrap Hex 103C and 3M bondo 
fiberglass cloth will be applied to the concrete. One 4"x8" cylinder will have two layers of fiberglass, while the other 
cylinder will have two layers of carbon fiber.  The resin and hardener used will be Sikadur Hex 300 for both fibers.  
In mass applications of carbon fiber during a project, the batched amount of resin to hardener is 2.8 gallons to 1.2 
gallons, respectively.  Due to the size of this project, a smaller ratio of resin was used.  The ratio used was 2.4 oz. 
resin to 1 oz. hardener.  A total sample of 96 oz. of resin to 48 oz. of hardener was batched and mixed for 5 minutes 
with a paint stick to ensure full continuity of the mixture. 
The application of the polymers will proceed as follows: 
 
1. Coat concrete cylinder in resin 
2. Wrap one layer of fiber around cylinder  
3. Use an aluminum roller to squeeze out excess resin and to saturate the fiber 
4. Coat with another layer of resin 
5. Use an aluminum roller to squeeze out excess resin and to saturate the fiber 
6. Coat with another layer of resin 
7. Wrap the second layer around the cylinder 
8. Use an aluminum roller to squeeze out excess resin and to saturate the fiber 
9. Coat cylinder with a final layer of resin 









                              
 
 
Figure 1: Cylinder Plan View                 Figure 2: Beam Cross-Section              Figure 3: Beam Elevation View 
 
 
These steps will be followed for both of the carbon fiber and fiberglass cylinder.  The third cylinder will not have a 
polymer wrap and will be used as a control.  The steps listed above will also be followed for applying fiber to all of 
the beams. 
 
On Day 35, the cylinders will be tested.  The force on the cylinder will average a steady rate of 27 psi per second 
until failure.  On Day 35, an angle grinder will be used to cut the top and bottom of the overhanging carbon fiber and 
fiberglass on the cylinders so it is flush to the concrete.  This ensures that the load applied from the concrete testing 
machine will compress the cylinder and not the carbon fiber/fiberglass shell. 
 
The concrete beams will be tested in a Riehle FS-300 Hydraulic Testing Machine.  The beams will be placed on (2) 
4"x4"x3/16" plates that will act as supports on either end.  A 4"x1" block will be placed in the middle of the beam to 
act as a single point load, which will take the load from the press.  The amount of load the beams will carry will be 




At the time of pour, the temperature was 65˚F and humidity was approximately 48%.  Both the carbon fiber beam 
and cylinder substantially increased the strength of the concrete under load.  The slump test of the original mix was 
3 ¼", while the slump of ‘Mix B’ was ½".  
Concrete Cylinders 
 
As shown in Table 1, the carbon fiber wrapped cylinder proved to be exceptional in this test.  This cylinder was able 
to bear 3.3 ksi more than the control cylinder, just due to the wrap.  The carbon fiber cylinder also exceeded the 
strength of a larger diameter cylinder.  On the other hand, the fiberglass cylinder was not able to hold more load than 
the control cylinder.   
 
Table 1: Compression test analysis of concrete cylinders 
 
Cylinder Maximum Load (pounds) P.S.I. 
6"x12" 137,440 4,860.0 
4"x8" Control 71,940 5,740.8 
4"x8" Carbon Fiber 113,820 9,057.5 
4"x8" Fiberglass 42,620 3,391.6 







Both the carbon fiber and fiberglass fibers 
increased the overall strength compared to the 
control beam with no fiber applied.  Data for 
each beam is shown in Appendix A and 
Appendix B.  Comparing to the control beam, 
the rebar-reinforced carbon fiber beam 
increased the total load of the beam by 3,300 
pounds while the rebar-reinforced fiberglass 
beam increased the total load by 1,325 pounds.  
It should be noted that the carbon fiber beam 
had very slow deformation after the ultimate 
strength point, in comparison to the other 
beams.  The carbon fiber beam without    
Figure 4: Cylinder compression test comparison                                  reinforcing bar also held an increased load of        
      1,725 pounds, compared to the control beam     
      with rebar. 
  
 




This experiment should be conducted many more times to get an average load for each specimen in order to find any 
outliers that could skew the overall results.  Future experiments conducted on this matter should change the 
following methods: 
 
• Ensure the initial concrete mix will fill 5 beams and 4 cylinders 
• Ensure the reinforcing bar is placed correctly within the beam 
• Ensure fiberglass woven roving is used instead of fiberglass cloth 
The first batch of concrete did not have enough volume to fill all of the necessary forms, and therefore a second 
batch was created.  More consistent results could have been obtained if only one batch of concrete was used for the 
experiment.  A stress vs. strain chart could not be plotted due to the cylinder-testing machine being unable to display 
the deflection reading.  It is very likely that if fiberglass woven roving were using instead of fiberglass cloth, the 
increase in concrete strength would be greater due to the strength of the woven roving.  In theory, even if the 
fiberglass would not increase strength, the fiberglass wrapped cylinder should hold an equal load to the control 
cylinder.  In commercial use, as the results show, a thinner, wrapped concrete column can be used instead of a 
thicker diameter column.  This would increase the overall usable square footage of the structure. 
 
With the design of the beam forms, concrete is filled in through the top of the form, but can be rodded to ensure full 
coverage within the form and reduce the possibility of creating voids.  To simplify the process of installing rebar, the 
rebar was placed in the upper third of the form, near the top of the mold, instead of placing the rebar with ties at the 
bottom of the mold.  This allowed the rebar to “float” within the mold without having to tie it in place.  The goal of 
this method was to save time by floating the rebar instead of tying it.  When testing, the beam would be flipped, so 
the rebar would still be aiding in tensile strength.  However, after removing the concrete out of the form, the top 
surface was not smooth enough to apply the fiber.  The fiber had to be applied on the true bottom of the beam, while 
the rebar was still placed in the upper third of the beam.  Since all of the rebar-reinforced beams were constructed 
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.01 300 2.834 .00258 .01 375 3.542 .00258 .01 250 2.361 .00258 
.02 500 4.723 .00516 .02 900 8.501 .00516 .02 600 5.667 .00516 
.03 750 7.084 .0074 .03 1,525 14.4 .00774 .03 950 8.973 .00774 
.04 1,225 11.57 .01032 .04 2,100 19.83 .01032 .04 1,300 12.28 .01032 
.05 1,400 13.22 .01290 .05 2,450 23.14 .01290 .05 1,600 15.11 .01290 
.06 1,550 14.64 .01548 .06 3,025 28.57 .01548 .06 1,975 18.65 .01548 
.07 1,600 15.11 .01806 .07 3,550 33.53 .01806 .07 2,275 21.49 .01806 
.08 1,685 15.91 .02065 .08 4,150 39.2 .02065 .08 2,425 22.90 .02065 
.09 1,800 17.0 .02323 .09 4,775 45.1 .02323 .09 2,775 26.21 .02323 
.1 2,125 20.07 .02581 .1 5,375 50.77 .02581 .1 3,000 28.34 .02581 
.11 2,250 21.25 .02389 .11 5,775 54.55 .02839 .11 3,275 30.93 .02839 
.12 2,375 22.43 .03097 .12 6,075 57.38 .03097 .12 3,455 32.63 .03097 
.13 2,400 22.9 .03355 .13 6,150 58.09 .03355 .13 3,650 34.47 .03355 
.14 2,500 23.61 .03613 .14 6,015 56.81 .03613 .14 3,800 35.89 .03613 
.15 2,575 24.32 .03871 .15 6,000 56.67 .03871 .15 3,955 37.36 .03871 
.16 2,600 24.56 .04129 .16 5,675 53.6 .04129 .16 4,055 38.30 .04129 
.17 2,675 25.27 .04387 .17 5,350 50.53 .04387 .17 4,150 39.20 .04387 
.18 2,700 25.5 .04645 .18 5,350 50.53 .04645 .18 4,150 39.20 .04645 
.19 2,780 26.26 .04903 .19 5,375 50.77 .04903 .19 4,175 39.43 .04903 
.20 2,850 26.92 .05161 .20 5,425 51.24 .05161 .20 4,150 39.20 .05161 
.21 2,700 25.5 .05419 .21 5,450 51.48 .05419 .21 3,900 36.84 .05419 
.22 2,625 24.79 .05677 .22 5,475 51.71 .05677 .22 3,825 36.13 .05677 
.23 2,550 24.09 .05935 .23 5,475 51.71 .05935 .23 3,000 28.34 .05935 
.24 2,400 22.67 .06194 .24 5,475 51.71 .06194 .24 2,925 27.63 .06194 
.25 2,200 20.78 .06452 .25 5,475 51.71 .06452 .25 2,850 26.92 .06452 
.26 1,800 17.0 .06710 .26 5,075 47.93 .06710 .26 3,780 26.26 .06710 
.27 1,725 16.29 .06968 .27 5,275 49.82 .06968 .27 2,700 25.50 .06968 
.28 1,650 15.58 .07226 .28 5,400 51 .07226 .28 2,575 24.32 .07226 
.29 1,500 14.17 .07484 .29 5,450 51.48 .07484 .29 2,455 23.19 .07484 
.30 1,300 12.28 .07742 .30 5,200 49.11 .07742 .30 2,325 21.96 .07742 
.31    .31 4,825 45.57 .08000 .31 2,175 20.54 .08000 
.32    .32 4,775 45.1 .08258 .32 1,225 11.57 .08258 
.33    .33 4,775 45.1 .08516 .33    
.34    .34 4,675 44.16 .08774 .34    
.35    .35 4,300 40.61 .09032 .35    
.36    .36 4,025 38.02 .09290 .36    
.37    .37 3,975 37.54 .09548 .37    
.38    .38 3,950 37.31 .09806 .38    
.39    .39 3,875 36.6 .10065 .39    
.40    .40 3,875 36.6 .10323 .40    
Appendix B 
Fiber Only-Reinforced Beam Data 
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.01 125 1.181 .00258 .01 75 .708 .00258 
.02 375 3.542 .00516 .02 125 1.181 .00516 
.03 500 4.743 .00774 .03 450 4.25 .00774 
.04 1,400 13.22 .01032 .04 625 5.903 .01032 
.05 2,100 19.83 .01290 .05 700 6.612 .01290 
.06 2,575 24.32 .01548 .06 750 7.084 .01548 
.07 2,875 27.15 .01806 .07 800 7.556 .01806 
.08 3,285 31.03 .02065 .08 825 7.792 .02065 
.09 2,525 23.85 .02323 .09 875 8.264 .02323 
.1 3,175 29.99 .02581 .1 925 8.737 .02581 
.11 3,675 34.71 .02839 .11 950 8.973 .02839 
.12 4,075 38.49 .03097 .12 955 9.02 .03097 
.13 4,475 42.27 .03355 .13 675 6.375 .03355 
.14 4,575 43.21 .03613 .14 75 .708 .03613 
.15 3,875 36.6 .03871 .15 0 0 .03871 
.16 1,600 15.11 .04129 .16    
.17 1,450 13.70 .04387 .17    
.18 1,275 12.04 .04645 .18    
.19 1,275 12.04 .04903 .19    
.20 1,250 11.81 .05161 .20    
.21 1,250 11.81 .05419 .21    
.22 1,225 11.57 .05677 .22    
.23 1,200 11.33 .05935 .23    
.24 1,125 10.63 .06194 .24    
.25 1,025 9.681 .06452 .25    
.26 925 8.737 .06710 .26    
.27 275 2.597 .06968 .27    
.28 250 2.361 .07226 .28    
.29 125 1.181 .07484 .29    
.30 0 0 .07742 .30    
